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Abstract 
The effects of injection of saline (0.9 % NaCl) with and without vitamin C on heat 
tolerance of neonatal chicks were studied. Sham-treated chicks served as controls. The 
chicks hatched from eggs incubated at 45 % RH or 55 % RH. Between the first and the 
second treatment, a 48-hour exposure period to a constant environmental temperature of 
39 °C took place. Consecutively, production parameters were studied during a 4-week 
growing period. During heat exposure, chicks hatched from eggs incubated at 45 % RH 
lost less body weight than those from eggs incubated at 55 % RH. At the end of exposure, 
body temperature was lower in chicks hatched from eggs incubated at 45 % RH compared 
to 55 % RH. Incubation RH did not affect growth rate, feed intake, feed conversion and 
mortality during the post-exposure growing period. Injection of saline with or without 
vitamin C before exposure resulted in a higher body weight after heat exposure compared 
to controls. Injection of saline enhanced body weight to a greater extent than saline with 
vitamin C. Injection of either solution before or after exposure did not affect production 
parameters in the 4-week period after exposure, except for mortality. Mortality of sham-
sham treated chicks was higher than that of once or twice injected chicks. It is concluded 
that saline injection increased heat tolerance, but that addition of vitamin C did not have 
any contributing positive effect. 
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Introduction 
High temperatures occur frequently during transportation of neonatal chicks. 
Neonatal chicks cope with heat by evaporation of water (Henken et al., 1987; 
1988). The water content of chicks may therefore be important with respect to 
heat tolerance. The water content can be influenced by varying incubation hu­
midity and length of stay of chicks in the hatcher after hatching (Hamdy et al., 
1991a). In contrast to these more 'natural' ways of influencing body water content 
and heat tolerance, also more artificial ways may be used, for instance injection 
1 
A.A.M. HAMDY ET AL. 
of saline (0.9 % NaCl) with or without vitamin C. Injection of saline may increase 
the amount of water available to evaporate and may therefore increase heat 
tolerance. Vitamin C has been claimed to improve resistance of chicks to heat 
(Schmeling & Nockels, 1978). Pardue & Thaxton (1982) noted that vitamin C 
appeared to reduce stress-related responses and to improve physiological adap­
tation. Subcutaneous injection of vitamin C will increase the vitamin C level in the 
bloôd (Satterfield et al., 1945). 
The objectives of the present research were to determine the effects of injection 
of saline with and without vitamin C on heat tolerance of neonatal chicks hatched 
from eggs incubated at two different relative humidities. 
Materials and methods 
Eggs and incubation conditions 
Hisex Brown layer eggs (Euribrid, Boxmeer, Netherlands), originating from in­
seminated layer hens of approximately the same age, were numbered (1 to 420) 
and weighed individually. The eggs were not older than 1 week (stored at 12 °C). 
The eggs were assigned to one of two incubators (Pass Reform, Zeddam, Ne­
therlands). In one incubator, the relative humidity (RH) was kept at 55 % 
(normal RH) and in the other at 45 % (low RH). Temperature in both incubators 
was maintained at 37.7 °C. These conditions prevailed from day 0 to 19 of 
incubation. 
Hatching conditions and procedures 
At day 19, eggs from both incubators were reweighed and placed in a climate 
respiration chamber of 1.8 m3 (Verstegen et al., 1987) which was used as a hatcher 
at a temperature of 37.7 °C and a RH of 55 %. From day 20 to 22, hatching 
occurred. Each chick was tagged and weighed immediately when emerging from 
the shell. Hatching time of each chick was recorded. To manipulate the chicks in 
the hatcher without disturbing the hatching process of the others, special measures 
were taken as described by Hamdy et al. (1991a). When about 90 % of all chicks 
had hatched, the hatcher was opened. 
Experimental treatments and heat exposure 
After collecting the chicks from the hatcher and individual weighing, 164 chicks 
from each RH class were assigned to one of three treatments (Figure 1): 
1. Sham-treatment that served as control. These chicks were handled similarly as 
the chicks of Treatments 2 and 3, including inserting the needle subcutaneously 
(s.c.) in the neck. However, no solution was injected. 
2. Treatment with saline (1 ml 0.9 % NaCl). 
3. Treatment with saline and vitamin C (Merck, prod. nr. 500074) (1 ml 0.9 % 
NaCl + 1 % vitamin C (w/v)). A vitamin C concentration of 1 % is assumed 
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Figure 1. Schematic diagram describing the experimental design, and the numbers of chicks included. 
Incubation Hatch 
day 0 to 19 day 19 to 22 
RH1 210 Climate 
chamber 
Exposure2 
day 0 to 2 after 
hatch 
164 
Growing period3 
day 2 to week 4 after hatch 
Sham Saline Saline + Sample 
vitamin C 
Sham 68 20 19 19 10 
Saline 48 19 19 0 10 
Saline + 48 19 0 19 10 
vitamin C 
Total 164 Total 164 
Control + ++++++++++++++++++ 10 + + + + + + + + + + + + + + + + + + + + + + + + + 
Sample 10 
Other 26 
1 RH is 45% for one chamber, 55% for the other. 
2 Treatment on day 0 after hatch. 
3 Treatment on day 2 after hatch. 
to be comparable to a dietary level of 1000 ppm (Stilborn et al., 1988) assuming 
a feed intake of maximally 20 g per bird in two days and a vitamin C diges­
tibility of minimally 50 %. 
Average age, i.e. time period between hatching and opening the hatcher, of each 
treatment group was similar. Both sexes were represented equally in each treat­
ment. After treatment, the chicks were assigned to one of two identical climate 
respiration chambers of 1.8 m3 each (Verstegen et al., 1987). Chicks hatched from 
eggs incubated at 55 % RH were placed in one chamber and those from 45 % RH 
in the other. These 164 chicks were kept in one large group within a circular 
confinement of about 0.6 m2. Temperature in both chambers was maintained at 
39 °C constantly and RH at 60 %. The exposure period in the chambers lasted for 
48 h. No feed or water was provided in this period. Light was on continuously with 
a light intensity of about 65 lux at chick level. 
Experimental procedure and measurements 
Thirty minutes after placing the chicks in the chambers, rectal temperature was 
measured (Dual Digital Thermometer) of 10 chicks from each treatment group 
within each chamber. These measurements were repeated just before opening the 
chambers after exposure. Chicks were weighed individually a third time directly 
after exposure. Initially, before placing 164 chicks in each chamber, each RH class 
consisted of at least 184 chicks. Ten untreated chicks were taken randomly and 
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sacrificed before exposure to determine initial water content of the whole body, 
of the yolk sac and of the remainder of the body. After exposure, 10 chicks from 
each treatment group were randomly chosen and sacrificed to determine body 
composition at the end of exposure (Figure 1). 
The growing period and its procedure 
Before exposure, 10 untreated chicks from each RH class were placed in a grower 
cage with feed (commercial starter, CP, 20.8 %; ME, 2800 Kcal per kg; calcium, 
0.99.%; and available phosphorus, 0.45 %) and water available ad libitum. These 
chicks served as untreated, non-exposed controls. After heat exposure, the chicks 
from each treatment group were assigned to post-exposure treatments as shown 
in Figure 1. Thus, 7 treatment groups in each RH class can be specified with 
respect to the growing period. 
1. A sham-sham group 
2. A sham-saline group 
3. A sham-saline + vitamin C group 
4. A saline-sham group 
5. A saline-saline group 
6. A saline + vitamin C-sham group 
7. A saline + vitamin C-saline + vitamin C group 
The chicks of each of the seven treatment combinations were assigned to one of 
two grower cages. These cages and those with the untreated non-exposed controls 
belonged to one battery line in the University poultry house. Environmental 
temperature was maintained at about 31 °C during the first week and was de­
creased thereafter in a stepwise-fashion by 2 °C per week until about 25 °C in the 
4th week. Light was on continuously. The vaccination schedule adopted was: 
Marek's disease (day 1 of growing period, intramuscularly), Infectious Bronchitis 
(day 2 of growing period, intra-ocularly (i.o)), Infectious Bursal disease (day 12 
of growing period, i.o) and Newcastle disease (day 18 of growing period, i.o). The 
experimental growing period lasted 4 weeks. 
The body weight of each chick (n = 288) was determined at the start of the 
growing period (day 2 of age) and each week thereafter until week 4. Also, feed 
intake per cage, feed conversion per cage (feed : gain), and body temperature (5 
chicks from each cage) were determined weekly. Mortality was recorded daily per 
cage. 
Calculations and statistics 
Since body composition is related to body weight (Henken et al., 1987), regres­
sion equations can be calculated relating composition data of specific parts to body 
weight on basis of sampled chicks before and after exposure separately (y = a + 
b x x, with y = water content of the specific part, a = the intercept, b = the 
regression coefficient and x = body weight). Thus, water content of the whole 
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body, of the yolk sac and of the remainder of each individual chick at start and 
end of exposure can be estimated. The average sample composition for a specific 
part was used in case the regression was not significant (P > 0.10). 
Estimates of initial and final composition of each chick were obtained by 
substituting weight before treatment and after exposure, respectively, for x in the 
equations. Subsequently, water loss of the whole body, of the yolk sac and of the 
remainder during exposure were calculated and expressed as loss percentages of 
the respective initial values. 
The data on egg weight at day 0 and 19 of incubation, on body weight at hatch, 
before treatment and at end of exposure, on body weight loss and water loss of 
specific body parts and on initial and final body temperature were analysed with 
the General Linear Model procedure of the SAS Institute (SAS, 1985). Main 
factors included in the model were incubation RH (low or normal) and injection 
(sham, saline and saline + vitamin C). Two and three-way interactions were 
dropped from the initial model when not significant (P > 0.10). As the initial 
status of a parameter is important with respect to heat tolerance, the initial status 
was added to the model as a covariable (e.g. initial body weight as covariable 
when analysing for body weight loss during exposure) (Hamdy et al., 1991a). 
The data on daily gain, feed intake, feed conversion and body temperature 
during the 4-week growing period were analysed with exposure history (yes or 
no), incubation RH (low or normal) and treatments included as main factors in 
the model (SAS, 1985). Interactions were analysed initially, but deleted from the 
model if not significant (P > 0.10). 
The daily recordings of mortality were used to calculate the number of chick 
days per cage within a week when determining feed intake per chick and feed 
conversion. 
The data on mortality were analysed by Fisher's exact test (Dean et al., 1990). 
Results 
Weights of eggs and chicks 
The data on egg weight at day 0 and 19 of incubation, on body weight at hatch, 
at start and at end of exposure are shown in Table 1. Egg weight at day 0 of the 
two RH classes was similar (P > 0.10). At day 19, eggs incubated at normal RH 
were heavier (P < 0.001) than those incubated at low RH. Chicks hatched from 
eggs incubated at normal RH were heavier (P < 0.05) at hatch than those from 
eggs incubated at 45 % RH. When egg weight at day 19 was 1.0 g higher, hatch 
weight increased by 0.8 g, approximately. 
Body weight before treatment was not affected by incubation RH, and was 
similar for each group assigned to one of the treatments (P > 0.10). 
Body weight at end of exposure was similar for the two RH classes (P > 0.10). 
However, injection of saline with or without vitamin C at the start of exposure 
increased (P < 0.001) body weight at the end of exposure by about 0.55 g 
compared to sham-treatment. Both experimental treatments had similar effects. 
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Table 1. Least squares means, regression coefficient (b), residual SD and coefficient of determination 
(^-square) of the parameters studied before and during the exposure period. 
Parameter1 Relative humidity Treatments b3 Residual4 fl-square 
SD 
low normal sham saline saline + 
vitamin 
C 
Egg weight at day 0 (g) 62.5 62.8 62.6 62.6 62.5 • 1.45 0.03 
Egg weight at day 19 (g) 54.2a 55.3P 54.7 54.9 54.8 0.84*** 1.67 0.43 
Body weight at hatch (g) 46.2a 46.9b 46.6 46.6 46.5 0.78*** 1.24 0.67 
Body weight at start (g) 41.4 41.6 41.6 41.5 41.4 0.73*** 1.43 0.52 
Body weight at end (g) 33.2 33.1 32.8a 33.4^ 33.3P 0.84*** 1.03 0.74 
Body weight loss (%) 19.8 20.4 21.2» 19.5" 19.6° -0.16 2.46 0.08 
Body water loss (%) 21.4 21.1 21.9^ 20.6" 21.3"^ -0.34*** 2.84 0.08 
Yolk sac water loss (%) 68.7" 73.4P 73.2* 68.4" 71.6^ -0.02 6.72 0.88 
Remainder water loss (%) 17.9ß 16.7e" 17.8b 16.9a 17.4'h -0.81*** 3.18 0.13 
Body temperature at 40.7 40.8 40.5a 40. 8b 40.8b -0.01 0.28 0.25 
start (°C)2 
41.2ß Body temperature at 40.9a 41.1 41.0 41.0 -0.01 0.36 0.19 
end (°C)2 
a b Means for each factor within a row with different superscripts differ significantly (P < 0.05). 
A B Means for each factor within a row with different superscripts differ significantly (P < 0.01). 
a.ß.t Means for each factor within a row with different superscripts differ significantly (P < 0.001). 
***P < 0.001. 
• no covariable used. 
1 The statistical analysis was based on n = 328. 
2 The statistical analysis of body temperature at start and end was based on n= 60. 
3 Covariables used were: egg weight at day 0 for egg weight at day 19, egg weight at day 19 for hatch weight, hatch weight for 
weight at start and weight at start for weight at end. the respective initial value for loss of each specific part and initial body weight 
for body temperature. 
4 Root mean squares error of the statistical model used. 
Body weight loss and water loss during heat exposure 
The data on percentages of body weight loss, body water loss, yolk sac water loss 
and remainder water loss are shown in Table 1. A slight difference (0.5 < P < 
0.10) in percentage body weight loss between chicks hatched from the two RH 
classes existed, chicks hatched from eggs incubated at 45 % RH were loosing less 
body weight than those hatched from eggs incubated at 55 %. 
When using body weight before treatment as a reference, differences (P < 
0.001) in body weight loss between saline with or without vitamin C injected birds 
and sham-treated ones were -1.6 and -1.7 %, respectively. Body weight loss of 
saline and saline + vitamin C injected chicks was similar (P > 0.10). Incubation 
RH did not affect (P > 0.10) percentage body water loss. Treatment significantly 
affected body water loss, yolk sac water loss and remainder water loss. Sham-
treated chicks lost more in each case than chicks injected with saline or saline + 
vitamin C, if compared with body weight before treatment. Differences between 
the latter two treatments were minor except for yolk sac water loss. In all cases, 
loss percentages of chicks injected with saline + vitamin C were intermediate 
between those of sham- and saline-treated chicks. 
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Body temperature 
The data on body temperature are shown in Table 1. Incubation RH did not affect 
body temperature at the start of exposure. After exposure, chicks hatched from 
eggs incubated at 45 % RH had a lower (P < 0.001) body temperature (-0.3 °C) 
than chicks hatched from eggs incubated at 55 % RH. Differences between 
treatments in body temperature at start of exposure were significant (P < 0.01). 
Injection with saline with or without vitamin C increased body temperature at the 
start of exposure by 0.3 °C compared to sham-treatment. After exposure all 
treatment groups had similar body temperature. 
Growth performance 
Data on daily gain, feed intake, feed conversion and body temperature during the 
Table 2. Least squares means, residual SD and coefficient of determination (/^-square) of the para-
meters studied during the growing period. 
Parameter Week Exposure Relative humidity Average of Residual «square 
— treatments4 SD5 
yes no low normal 
Daily gain (g)' 
1 4.3 4.4 4.3 4.4 4.4 1.14 0.03 
2 7.6 7.7 7.4 7.8 7.6 1.51 0.04 
3 11.8 11.8 11.9 11.7 11.9 2.16 0.03 
4 15.1 15.0 15.2 14.9 15.2 3.24 0.03 
Daily feed intake (gf 
1 9.3 9.9 9.7 9.4 9.6 0.81 0.27 
2 15.9 15.9 16.0 15.8 15.6 1.58 0.31 
3 25.6 25.6 25.6 25.6 25.6 1.12 0.18 
4 35.5 35.6 35.7 35.4 35.6 1.81 0.15 
Feed conversion2 
1 2.7 2.6 2.7 2.7 2.7 2.70 0.37 
2 2.1 2.1 2.2 2.0 2.1 0.39 0.23 
3 2.2 2.2 2.2 2.2 2.2 0.13 0.17 
4 2.4 2.4 2.4 2.4 2.3 0.20 0.16 
Body temperature CO3 
1 40.9a 41.0" 41.0" 40.9* 41.0 0.33 0.10 
2 41.3" 41.4" 41.4b 41.3" 41.3 0.25 0.07 
3 41.5 41.4 41.5 41.4 41.4 0.27 0.07 
4 41.2 41.3 41.3 41.2 41.3 0.24 0.05 
a,b Means for each factor within a row with different superscripts differ significantly (P < 0.05). 
1 In each experiment the statistical analysis was based on n = 288 with substraction of the number of dead 
chicks weekly. 
2The statistical analysis was based on n = 30. 
3 The statistical analysis was based on n = 150. 
4 No significant differences between treatments were found during the growing period. 
5 Root mean squares error of the statistical model used. 
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growing period are presented in Table 2. Chicks exposed to the experimental 
temperature regimens in the chambers had similar daily gain, feed intake and feed 
conversion as non-treated and non-exposed controls during the 4-week growing 
period. The same is true with respect to the chicks of the two incubation RH 
classes and the experimental treatments. Exposure and incubation RH, but not 
treatment, affected (P < 0.05) body temperature in the 1st and 2nd week, in 
which exposed chicks and chicks from the 55 % RH group had a 0.1 °C lower 
body temperature than controls and chicks from the 45 % RH group, respecti­
vely. 
Mortality 
No mortality occurred during the 2-day exposure period in the chambers. Mor­
tality only occurred during the first two weeks of the 4-week growing period after 
exposure (Table 3). Exposure did not affect mortality significantly (2/20 for con­
trol and 16/268 for exposed chicks). Also incubation relative humidity did not 
affect mortality. 
Compared with the pooled total of the other 6 treatments, a significantly (P < 
0.001) higher proportion of sham-sham treated chicks died during the growing 
period (7/228 vs. 9/40, respectively). 
Discussion 
Eggs incubated at 45 % RH lost more weight from day 0 to 19 of incubation than 
eggs incubated at 55 % RH. The differences in egg weight at day 19 and in chick 
weight at hatch between the two RH classes were significant. This result must be 
due to increased water loss at the lower water vapor pressure in the incubator 
(45 % RH). Similar results were reported by Peebles et al. (1987) and Hamdy et 
Table 3. Mortality in numbers of chicks during the growing period. 
Week1 Exposed chicks 
Relative humidity 
Control chicks2 
Relative humidity 
Treatment3 
low RH normal RH low RH normal RH (1) (2) (3) (4) (5) (6) (7) 
1 5 6 _ 1 7*** _ _ 3 1 _ 
2 3 2 1 - 2 - 2  - - 1 
Total 8 8 1 1 Q*** _ 2 3 1 1 
***p < 0.001 between treatment (1) and the other treatments (2) to (7) together. 
1 No mortality occurred in the 3rd and 4th week. 
2 Control groups were not exposed to the experimental temperatures, but placed in grower cages at normal ther­
mal conditions with feed and water available directly after hatch. 
3 Treatment: (1) sham-sham, (2) sham-saline, (3) sham-saline + vitamin C, (4) saline-sham, (5) saline-saline, (6) 
saline + vitamin C-sham, (7) saline + vitamin C-saline + vitamin C. 
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al. (1991a). During the period between hatch and start of exposure, this difference 
in hatch weight between RH groups disappeared. Staying time in the hatcher as 
such is also an important factor for heat tolerance (Hamdy et al., 1991a). During 
the exposure period, chicks hatched from eggs incubated at 45 % RH lost less 
weight than those hatched from eggs incubated at 55 % RH, which agrees with 
earlier results of Hamdy et al. (1991a). During the growing period at normal 
conditions, chicks hatched from eggs incubated at low RH initially had a higher 
body temperature than those hatched from eggs incubated at 55 % RH. A reason 
for this increased warmth may be that heat production is different between the 
chicks of the two RH groups. Heat production is related to feed intake. Although 
differences were not significant, chicks hatched from eggs incubated at low RH 
consistently ate more than those from eggs incubated at 55 % RH. It can be 
concluded that in the present experiment a low incubation RH did not affect heat 
tolerance of chicks negatively. On the contrary, short-term heat tolerance tended 
to be positively affected. However, on the longer term, feed conversion and 
mortality were not affected. 
In earlier experiments, Hamdy et al. (1991b) found that mortality after exposure 
was significantly reduced in chicks hatched from eggs incubated at low compared 
to normal RH. In those experiments, however, mortality was at a higher level 
than in the present experiment. The age of the laying hens was the same. 
Environmental conditions were also similar. There may be a difference in level of 
heat tolerance between batches of chicks. A reason might be the difference in 
body weight at the start of exposure. In the present experiment, average body 
weight at the start was about 41.5 g, while in the experiment of Hamdy et al. 
(1991b) it was 38 g. Apparently, this difference is an advantage for the chicks with 
higher body weight, resulting in an increased heat tolerance. 
It should be realized that the obtained results concerning body weight loss 
during the heat exposure period heavily depended on the choice of the reference 
value. Body weight of injected chicks before and after treatment differed by about 
1 g (i.e. the approximate weight of 1 cc of fluid), representing ca 2.3 % of the 
body weight of the chick. 
Using the weight after injection as a reference, injected chicks lost both rela­
tively and absolutely more weight during heat exposure, although their final body 
weight is higher. Apparently, these chicks used part of the injected volume for 
evaporation. 
Another aspect associated with the injection of fluid is its temperature, which 
was about 25 °C at the time of injection. This implicates that 2.3 % of the total 
body mass had to be warmed up to approximately 40.5 °C. Perhaps the higher 
body temperature for the injected chicks at the start of exposure can partially be 
explained by the volume and/or the temperature aspect associated with the in­
jection of fluid, resulting in an overshoot with respect to body temperature. 
As injection of saline with or without vitamin C resulted in more body water at the 
end of exposure, this may indicate an increased heat tolerance during exposure. 
Adding vitamin C did not have any beneficial effect. On the contrary, vitamin 
C seemed to counteract the saline effect, because the saline + vitamin C group 
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was mostly intermediate between the sham- and the saline-treated group. 
Injection after heat exposure to help the chicks to recover from the heat stress 
did not have any effect on the parameters measured during the growing period. 
The absence of such effects of saline and vitamin C in the growing period is also 
reported by Maurice & Deodato (1982) and Stilborn et al. (1988). However, 
injection as such did reduce mortality compared to sham-sham treatment. 
In conclusion, it can be stated that injection of saline reduced body weight loss 
during heat exposure compared to non-treated controls, by reducing water loss 
when body weight before treatment is used as a reference. Vitamin C seemed to 
have no additional positive effect on heat tolerance when given in combination 
with saline. Treatment effects on parameters after heat exposure were not present 
with one exception. Mortality of sham-sham treated chicks was higher than that 
of injected chicks. 
References 
Dean, A.G., J. A. Dean, A.H. Burton & R.C. Dicker, 1990. EPI INFO, version 5: a word processing, 
database and statistics program for epidemiology on microcomputers. USD Inc., Stone Mountain, 
Georgia. 
Hamdy, A.M.M., W. van der Hel, A.M. Henken, A.Gh. Galal & A.K.I. Abd Elmoty, 1991a. Effect 
of air humidity during incubation and age after hatch on heat tolerance of neonatal male and female 
chicks. Poultry Science 70: 1499-1506. 
Hamdy, A.M.M., A.M. Henken, W. van der Hel, A.Gh. Galal & A.K.I. Abd Elmoty, 1991b. Effects 
of incubation humidity and hatching time on heat tolerance of neonatal chicks: Growth performance 
after heat exposure. Poultry Science 70: 1507-1515. 
Henken, A.M., W. van der Hel, A. Hoogerbrugge & C.W. Scheele, 1987. Heat tolerance of one day 
old chickens with special reference to conditions during air transport. In: M.W.A. Verstegen & 
A.M. Henken (Eds), Energy metabolism in farm animals, p. 261-287. Martinus Nijhoff Publishers, 
Dordrecht. 
Henken, A.M., W. van der Hel & M.C.J. Smits, 1988. Heat tolerance of one day old chickens. In: 
I. Ekesbo (Ed.) Proceedings of the 6th International Congress of Animal Hygiene (Skara, Sweden), 
Vol. 2, p. 570-574. 
Maurice, D.V. & A,P. Deodato, 1982. Sodium chloride-induced reduction of abdominal fat in broilers. 
Poultry Science 61: 1508. 
Pardue, S.L. & J.P. Thaxton, 1982. Enhanced livability and improved immunological responsiveness 
in ascorbic acid supplemented cockerels during acute heat stress. Poultry Science 61: 1522. 
Peebles, E.D., J. Brake & R.P. Gildersleeve, 1987. Effect of eggshell cuticle removal and incubation 
humidity on embryonic development and hatchability of broilers. Poultry Science 66: 834-840. 
SAS, 1985. SAS User's Guide: Statistics, Version 5. Statistical Analysis System Institute, Cary, NC, 
USA. 
Satterfield, G.H., T.A. Bell, F.W. Cook & A.D. Holmes, 1945. Effect of ascorbic acid injections on 
the amount in the blood plasma of laying hens. Poultry Science 24: 139-141. 
Schmeling, S.K. & C.F. Nockels, 1978. Effects of age, sex and ascorbic acid ingestion on chicken 
plasma corticosterone levels. Poultry Science 57: 527-533. 
Stilborn, H.L., G.C.JR. Harris, W.G. Bottje & P.W. Waldroup, 1988. Ascorbic acid and acetylsalicylic 
acid (Aspirin) in the diet of broilers maintained under heat stress conditions. Poultry Science 67: 
1183-1187. 
Verstegen, M.W.A., W. van der Hel, H.A. Brandsma, A.M. Henken & A.M. Bransen, 1987. The 
Wageningen respiration unit for animal production research: a description of the equipment and its 
possibilities. In: M.W.A. Verstegen & A.M. Henken, (Eds), Energy metabolism in farm animals, 
p. 21-62. Martinus Nijhoff Publishers, Dordrecht. 
10 Netherlands Journal of Agricultural Science 40 (1992) 
